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(57) Abstract: 

PURPOSE: To obtain a high rate of change of magnetoresistance even at a 
relatively low magnetic field by using an amorphous magnetic alloy for 
at least one layer of a magnetic layer in a magnetoresistance effect 
layer having a three-layer film and a five-layer film of a magnetic 
layer and non-magnetic layer or an antiferromagnetic layer on or under 
the magnetic layer. 

CONSTITUTION: The magnetoresistance effect layer having three-layer film 
laminating the magnetic layer, the non-magnetic layer and the magnetic 
layer, the five-layer film laminating the magnetic layer, the non- 
magnetic layer, the magnetic layer, the non-magnetic layer and the 
magnetic layer or the anti-magnetic layer on or under the magnetic layer 
is provided. In this effect layer, the high rate of change of the 
magnetoresistance is obtained at a relatively low magnetic field. That 
is, it seems that a soft magnetic characteristic is improved when the 
amorphous magnetic alloy is used. At this time, in a CoFeB layer being 
the amorphous layer having a rate of change of the magneto-resistance 
(MR ratio) of 5% for example is obtained within a change of the magnetic 
field of 280A/m as the center of the magnetic field H of 800A/m, and a 
magnetic sensitivity becomes to 17. 8%KAm-l. That is, the high rate of 
change of the magnetoresistance is obtained at the relatively low 
magnetic field. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the magneto-resistive effect film characterized by the above- 
mentioned magnetic layer having been further alike at least, and using 
an amorphous magnetism alloy in the magneto-resistive effect film which 
has an antiferromagnetism layer on the magnetic layer of these 3 layer 
membrane and five layer membranes, , or in the bottom at five layer 
membranes which carried out the laminating of three layer membranes 
which carried out the laminating of a magnetic layer, a non-magnetic 
layer, and the magnetic layer, a magnetic layer, a non-magnetic layer, a 
magnetic layer, a non-magnetic layer, and the magnetic layer, and a list. 
[Claim 2] Magneto-resistive effect film characterized by the include 
angles which the sense of magnetization of the magnetic layer whose non- 
magnetic layer is pinched makes in the magneto-resistive effect film 
according to claim 1 differing mutually. 

[Claim 3] Magneto-resistive effect film characterized by at least one 
layer of the above-mentioned magnetic layer being a Co-Fe-B system 
amorphous magnetism alloy in the magneto-resistive effect film according 



to claim 1 or 2. 

[Claim 4] Magneto-resistive effect film characterized by B concentration 
of the above-mentioned Co-Fe-B system amorphous magnetism alloy being 10 
- 25at% in the magneto-resistive effect film according to claim 3. 
[Claim 5] Magneto-resistive effect film characterized by being the alloy 
with which at least one layer of a magnetic layer uses Co, nickel-Fe, or 
nickel-Fe-Co as a principal component in the magneto-resistive effect 
film of four given in any 1 term from claim 1. 

[Claim 6] Magneto-resistive effect film characterized by at least one 
layer of the above-mentioned non-magnetic layer being Cu, Ag, or Au in 
the magneto-resistive effect film of five given in any 1 term from claim 
1. 

[Claim 7] Magneto-resistive effect film characterized by the include 
angles which the easy direction of magnetization produced from claim 1 
from the magnetic anisotropy of the magnetic layer whose non-magnetic 
layer is pinched in the magneto-resistive effect film of six given in 
any 1 term makes differing. 

[Claim 8] the magneto-resistive effect film characterized by preparing 
the diamagnetism layer which the magnetic layer of the magneto-resistive 
effect film of seven given in any 1 term is further alike at least from 
claim 1, and impresses an exchange bias field. 

[Claim 9] The magneto-resistive effect component characterized by using 
the magneto-resistive effect film of eight given in any 1 term at least 
for a part from claim 1. 

[Claim 10] The magnetic head which used the magneto-resistive effect 
component according to claim 9 at least for the part. 
[Claim 11] The compound-die magnetic head which combined the magnetic 
head and the induction type magnetic head according to claim 10. 
[Claim 12] The magnetic recorder and reproducing device using the 
magnetic head according to claim 10 or 11. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magneto-resistive 
effect film which has a high magneto-resistive effect by the low field, 
the magneto-resistive effect component using this magneto-resistive 



effect film, the magnetic head using this component, and the magnetic 

recorder and reproducing device using this magnetic head. 

[0002] 

[Description of the Prior Art] Conventionally, the permalloy was used as 
magneto-resistive effect material of the magnetic head for playback. 
However, the magnetic-reluctance rate of change of a permalloy was as 
low as about 3%, and the ingredient of magnetic-reluctance rate of 
change still higher than this was called for. The Fe/Cr magnetic film 
which has multilayer structure as an ingredient with magnetic-reluctance 
rate of change higher than this permalloy was proposed, and the 
Ta/NiFe/Cu/NiFe/FeMn/Ta film was also proposed. 
[0003] 

[Problem (s) to be Solved by the Invention] However, the Fe/Cr magnetic 
film with the above-mentioned multilayer structure was not able to be 
used for a magneto-resistive effect component with the required high 
field of 800 kA/m, and required operating by the low field, and the 
magnetic head, in order to acquire sufficient magnetic-reluctance rate 
of change. Moreover, although the Ta/NiFe/Cu/NiFe/FeMn/Ta film showed 
2.2% of magnetic-reluctance rate of change by the low field 
comparatively, still it was not enough and the ingredient in which 
higher magnetic-reluctance rate of change is shown by the low field was 
called for. This invention aims at offering the magneto-resistive effect 
film in which higher magnetic-reluctance rate of change is shown by the 
low field, a magneto-resistive effect component, the magnetic head, and 
a magnetic recorder and reproducing device. 
[0004] 

[Means for Solving the Problem] in order to attain the above-mentioned 
object, in this invention, it is the above-mentioned magnetic layer' s 
having been further alike at least, and having used the amorphous 
magnetism alloy on five layer membranes which carried out the laminating 
of three layer membranes which carried out the laminating of a magnetic 
layer, a non-magnetic layer, and the magnetic layer, a magnetic layer, a 
non-magnetic layer, a magnetic layer, a non-magnetic layer, and the 
magnetic layer, or a magnetic layer, or for the bottom in the magneto- 
resistive effect film which has an antiferromagnetism layer. Moreover, 
the above-mentioned magneto-resistive effect film is the include angle 
which the sense of magnetization of the magnetic layer whose non- 
magnetic layer' s is pinched makes changing, and having used the above- 
mentioned amorphous magnetism alloy as the Co-Fe-B system amorphous 
magnetism alloy whose B concentration's is 10 - 25at%. Moreover, at 
least one layer of the magnetic layer of the above-mentioned magneto- 



resistive effect film is the alloy which uses Co, nickel-Fe, or nickel- 
Fe-Co as a principal component, and it is having set at least one layer 
of the above-mentioned non-magnetic layer to Cu, Ag, or Au. 
[0005] moreover, it is having given the antiferromagnetism layer which 
the include angles which the easy direction of magnetization produced 
from the magnetic anisotropy of the magnetic layer whose non-magnetic 
layer of the above-mentioned magneto-resistive effect film is pinched 
makes differ, and the magnetic layer of the magneto-resistive effect 
film is further alike at least, and impresses an exchange bias field. 
Moreover, the magneto-resistive effect component of this invention is 
having used the above-mentioned magneto-resistive effect film for the at 
least 1 section. Moreover, the magnetic head of this invention is having 
used the above-mentioned magneto-resistive effect component for the at 
least 1 section. Furthermore, the magnetic recorder and reproducing 
device of this invention is having used the above-mentioned magnetic 
head for the at least 1 section. 

[0006] if this invention is explained further — the amorphous magnetism 
alloy of this invention — a Co-Fe-B system amorphous magnetism alloy — 
a Co-Fe-B system amorphous magnetism alloy — B10 - 25at% Co81 - 67at% 
and Fe9 - it is a 7. 5at% alloy. Moreover, magnetic layers are a metal or 
alloys, such as Co, nickel-Fe, and nickel-Fe-Co, nickel-Fe consists of 
35 - 80% of nickel and Remainder Fe which are known as a permalloy, and 
nickel-Fe-Co is the thing of 16 - 20% of Fe(s), 66 - 11% of nickel, and 
18 - 73% of Co(es). Furthermore, the antiferromagnetism layers of this 
invention are NiO, NiMn, CoMn, FeMn, etc. 
[0007] 

[Function] when the above-mentioned magnetic layer boils this invention 
further at least in the magneto-resistive effect film which has an 
antiferromagnetism layer on five layer membranes which carried out the 
laminating of three layer membranes which carried out the laminating of 
a magnetic layer, a non-magnetic layer, and the magnetic layer, a 
magnetic layer, a non-magnetic layer, a magnetic layer, a non-magnetic 
layer, and the magnetic layer, or a magnetic layer, or in the bottom and 
an amorphous magnetism alloy is used for it, high magnetic-reluctance 
rate of change is comparatively acquired by the low field. This is 
considered to be because for soft magnetic characteristics to have 
improved by using an amorphous magnetism alloy. Moreover, when the 
magneto-resistive effect component of this invention used the magneto- 
resistive effect film excellent in the above-mentioned property, and the 
magnetic head of this invention used the magneto-resistive effect 
component excellent in the above-mentioned property for the at least 1 



section, the thing of a property which was excellent when the magnetic 
recorder and reproducing device of this invention used the magnetic head 
excellent in the above-mentioned property for the at least 1 section is 
obtained again. 
[0008] 

[Example] Hereafter, the example of this invention is explained. 
Example 1 following 3 layer membrane and the spin bulb film were 
produced using RF magnetron sputtering equipment. Ar ** at the time of a 
spatter is 0. 68-1. 32Pa, and a film production rate is 0.1 - 0.2 nm/s. 
Slide glass was used for the substrate, sequential production of an 
amorphous CoFeB layer, Cu layer, and the Co layer was carried out on it, 
and the film of CoFeB (6nm) /Cu (2. lnm) /Co (1. 5nm) was produced. In 
addition, the presentation of CoFeB of an amorphous magnetism alloy was 
B:20at% Fe;8at% Co:72at% As the property of this film was shown in 
drawing 1 , magnetic-reluctance rate of change (MR ratio) was acquired 
for 5% of thing by field change of 280 A/m focusing on the field (H) of 
800 A/m, and field sensibility was 17. 8%/kAm-l. 

[0009] In addition, drawing 1 is the graph which showed H (field of a 
hard axis) of the above-mentioned film, and the relation of MR ratio 
(magnetic-reluctance rate of change). Drawing 2 is the graph which 
showed the field and magnetic-reluctance rate of change of an easy axis 
of the above-mentioned film, and, as for the upper graph, H of a lower 
graph expands the zero neighborhood. It is the highly sensitive film, so 
that the inclination of the magnetic-reluctance rate of change of 
drawing 2 is large and high. Although the field sensibility of the 
above-mentioned film was obtained with the ingredient which made the 
conventional NiFe system alloy the subject, it was it. [ of this ] 
[ about 3 times ] This is considered to be because for soft magnetic 
characteristics to have improved by having used the amorphous material. 
[0010] The film of CoFeB (9nm) /Cu (2. lnm) /Co (1. 5nm) was produced by the 
same approach as example 2 example 1. In addition, the presentation of 
CoFeB of an amorphous magnetism alloy was B:20at% Fe;8at% Co:72at%. The 
magnetic-reluctance rate of change of this film was 3%. About this film, 
when heat treatment was performed at 250 degrees C in the field of 12.8 
kA/m for 1 hour, magnetic-reluctance rate of change became high with 4%. 
It turned out that at least 250 degrees C which is the temperature at 
which the film is heated in glass welding etc. from this result do not 
deteriorate. This is considered to be because for there to be no 
degradation of the property by crystallization of the layer of an 
amorphous material. 

[0011] By the same approach as example 3 example 1, the film of 



NiO(50nm)/Co(l. 5nm)/Cu(2. lnm) /CoFeB (9nm) /Cu (3nm) with which the 
exchange bias field from an antiferromagnetism layer was made to be 
impressed was produced. In addition, the presentation of CoFeB of an 
amorphous magnetism alloy was B:20at% Fe;8at% Co:72at%. As the property 
of this film was shown in drawing 3 , magnetic-reluctance rate of change 
(deltaR/R) was acquired for 2.7% of thing. This value is equivalent to 
what is obtained with the ingredient which makes the conventional NiFe 
system alloy a subject, and degradation of a property did not have after 
250-degree C heat treatment. Furthermore, it turned out that the 
exchange bias field is impressed and this film can be used for the 
application of the magnetic head, in addition, the magnetization curve 
of this film gets having been shown in drawing 4 , and comes out. 
[0012] An example of the magneto-resistive effect component of this 
invention which used the magneto-resistive effect film of example 4 this 
invention is shown in drawing 5 . The magneto-resistive effect component 
of this invention is the thing of the structure which sandwiched the 
magneto-resistive effect film (1) of this invention with two electrodes 
(21 22), and sandwiched these in the shielding layer (31 32) from the 
upper and lower sides. 

An example of the rec/play mold magnetic head of this invention which 
used the magneto-resistive effect component of example 5 this invention 
is shown in drawing 6 . The rec/play mold magnetic head of this 
invention is the thing of structure which placed what sandwiched two or 
more coils (51, 52, and 53) between two magnetic poles (41 42) on the 
magneto-resistive effect component which consists of the magneto- 
resistive effect film (1) of this invention, two electrodes (21 22), and 
a shielding layer (31 32) of two sheets. 

[0013] This invention of the ability of various change to be made in the 
range which does not change a summary is natural, without being limited 
to an example also in points other than the above. 
[0014] 

[Effect of the Invention] This invention has the outstanding property 
that a property does not deteriorate even if a low field shows high 
magnetic-reluctance rate of change and it is heated by about 250 degrees 
C, by having made it the above-mentioned configuration. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which showed H (field) of the hard axis of 
the film of CoFeB(6nm)/Cu(2. lnm)/Co (1. 5nm) of this invention, and the 
relation of MR ratio (magnetic-reluctance rate of change). 
[Drawing 2] It is the graph which showed H (field) of the easy axis of 
the film of drawing 1 , and the relation of MR ratio (magnetic- 
reluctance rate of change). 

[Drawing 3] It is the graph which showed H (field) of 
Ni0(50nm)/Co(l. 5nm)/Cu(2. lnm)/CoFeB(9nm)/Cu (3nm) to which the exchange 
bias field from an antif erromagnetism layer was made to be impressed, 
and the relation of deltaR/R (magnetic-reluctance rate of change). 
[Drawing 4] It is the magnetization curve of drawing 3 . 
[Drawing 5] It is the perspective view having shown a part of magneto- 
resistive effect component of this invention. 

[Drawing 6] It is the perspective view having shown a part of rec/play 

mold magnetic head. 

[Description of Notations] 

1 Magneto-resistive Effect Film 

21 22 Electrode 

31 32 Shielding Layer 

41 42 Magnetic Pole 

51 52 53 Coil 
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dtm <hMR ratio attftSftSfb*) ©W»*SL 

[02] 01 (DMOBtf b»«M(0 H (Btff) iMRr 
atio (ttftffi&iSft*) OB«*SLfc^7T**. 

[03] 5»BlttJifr60««/W3'^«fSlfl«9]lHI* 
tl5J:5tcLfcN i O (5 0nm) /Co (1. 5n 
m) /Cu (2. 1 nm) /CoFeB (9nm) /C 
u (3nm) <DH (581?) iAR/R OfHBlAXft: 

[04] h 3 a>«Kba«R?««. 



[05] *«q|(OBtffiB^JiyiE?«>-S«^L^f4 
[0 6 ] agSttft'vy KOHWKS Lfc»SH?* 

1 Btft&ftttJRK 

2i , 2 2 «S 

3i . 32 ->~;UKJI 

4] „ 4 2 SSffi 

5l » 52 » 53 SfJU 
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